Abstract. Hafr Al-Batin is a Saudi Arabian city located in the northeastern part of the kingdom. The city lies in the dry valley of Wadi Al-Batin, part of Wadi Al-Rummah, which leads inland towards Medina and formerly emptied into the Arabian Gulf. Hafr Al-Batin is located in an area where three valleys meet, which makes the city under high risk of flooding, especially when intense rain occurs during short duration as in the case of arid and semi-arid regions. The yearly average rainfall intensity of Hafr Al-Baten is estimated to be 125 mm. Recently, extreme rainfall events occurred, generating flood water to flow from all valleys towards the city, causing serious damage to public and private properties. In this study, HEC-HMS and HEC-RAS models are used to simulate flood occurrence in the city. The results indicate that the average flow depths within the part of the main channel passing through Hafr Al-Batin city were 3.02 m, 3.26 m, 3.45 m, 3.76 m, 4.04 m and 4.34 m for the simulated 2, 5, 10, 25, 50 and 100-year design floods, respectively. Flood hazard maps are also generated to identify the areas within the city with high risk of flooding.
Introduction
In Saudi Arabia, floods are considered to be the major catastrophic natural hazard. According to Momani and Fadil [1] , more than 121 fatalities, around 20,000 sheltered families and billions of dollars in losses were due to the natural disasters in Saudi Arabia in 2009 in addition to the effects on human health as a result of flooding. Moreover, the amount of three billion riyals was the monetary loss. Maghrabi [2] stated that several fatalities and massive destruction in structures, properties and highways occurred as a result of massive floods due to heavy rains, which affected Jeddah in 2009.
In recent years, there has been a considerable amount of attention to flooding in Saudi Arabia. Studies have been conducted to study floods in different regions of Saudi Arabia using different techniques. Nouh [3] used three methods (region curves, common peak flow models and duration reduction curves) to estimate the maximum flood in the southwest region of Saudi Arabia, and statistical measures were used to compare the accuracy of the three methods. The study concluded that the region curve method gives the best statistics. Al-Turbak [4] constructed a geomorphic-climatic model in three arid catchments in Saudi Arabia and found that the developed model is capable of predicting surface runoff hydrographs accurately when detailed and accurate data are available. Subyani [5] studied flood probability and the hydrological characteristics in western Saudi Arabia of some main wadis, including Fatimah and Usfan, and fouQG WKDW *XPEHO ¶V H[WUHPH YDOXH GLVWULEXWLRQ is the best fitting model for identifying and predicting future rainfall occurrence. Al-Shareef et al. [6] performed a study on Wadi Marwani basin in Jeddah, Saudi Arabia to find the best method that can be used to estimate the peak discharge. Four methods were tested, namely the Modified Talbot Method (MTM), the Hydrologic Engineering Center-Hydrologic Modeling System (HEC-HMS), the Regional Flood Frequency Analysis (RFFA) regression equations and the Probabilistic Rational Method (PRM). The Root Mean Square Error (RMSE) was used to measure the accuracy of the four methods. The results indicate that the PRM is a more accurate model to compute the peak discharge compared to the others. Dawod et al. [7] concluded that the most accurate national hydrological model for the Makkah area is the model developed based on actual precise field measurements in the southwest part of Saudi Arabia. However, they mentioned that the curve number method should be considered as the optimum flood modeling approach when the topography, land use, meteorological and geological datasets are available. Sharif et al. [8] produced a flood hazard map for the rapidly urbanizing catchment of Al-Aysen in Riyadh, Saudi Arabia, using hydrologic/hydraulic model simulation. They also studied the impact of urbanization on the peak discharge and runoff volume resulting from different storms with various urbanization scenarios.
Hafr Al-Batin city, which is located in the eastern part of the Kingdom of Saudi Arabia, is also suffering from
the occurrence of floods. In the past few years, flash floods hit the city many times and caused losses in economic and human life. This paper focuses on the simulation of the occurrence of floods in Hafr Al-Batin city by constructing hydrologic and hydraulic models, and based on these models, a flood hazard map will be developed to help the decision makers to identify the areas within the city with high risk of flooding, which can help them in adopting appropriate plans to control and reduce the effect of floods. Table 1 . Maximum daily rainfall (mm) for different return periods. Table 2 . Runoff volumes and peak discharges at the outlet for different return periods. 
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